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OBJECTIVE

The objective of this calculation is to estimate the amount of percolation through the low permeability
barrier in the landfill caps at Sites 4 and 5. Also the HELP model calculations will be used to determine
the amount of head which can be expected to build up on the drainage layer. The depth of the head will
then be used in the infinite slope stability calculations. The New Jersey sanitary landfill regulations
indicate that the hydrostatic head on the cap should not exceed the thickness of the drainage layer during a
25-yr, 24-hr storm event.

APPROACH

The proposed cap configuration at Site 4 includes a steep portion of the cap (4:1 maximum slope) and the
top, plateau portion (3.5-5% slope). The cap configuration of Site 5 will be similar except in the
Trap/Skeet range area where the vegetative layers will be replaced with the asphalt paving structure. Figure
1, presents the proposed cap configuration and layers of the cap for the steep portions of the cap (Site 4),
and the plateau portion of the caps (Sites 4 and 5). The paved portion of the Site 5 landfill cap is not
evaluated with the HELP model because it is assumed that the paved surface will be relatively impervious
and the vegetated sections will represent a worst case.

The procedures outlined in the HELP Model Users Guide to Version 3 will be followed in the calculation
(ref 1).

The 24-hr, 25-yr will be incorporated into the HELP model by entering the total rainfall amount for a 24-
hr, 25-yr storm event (6.0 inches) in to the daily input precipitation input file. The peak daily values
presented in the HELP output will represent the 24-hr, 25-yr storm event.

The Site 4 landfill cap has a relatively small plateau portion. Because the amount of area of the plateau
portion of the cap which drains toward the steep slope is small, a lateral drain in the drainage layer is not
needed at the break in slope between the plateau and the steep portion. The plateau portion and the side
slopes will be modeled as with two separate HELP runs with the flow out of the lateral drainage layer in
the plateau portion input into the lateral drainage layer in the side slope portion as subsurface inflow.
Figures 2 and 3 show the representative flow lengths for Sites 4 and 5, respectively.

ASSUMPTIONS
The following section describes the selection of the assumed soil properties.

TOPSOIL/ SELECT FILL MATERIAL. The topsoil and select cover material are assumed to be similar to
soils currently at the sites. The soils at the sites are classified as silty sands. The default soil #7 in the
HELP model Users guide was chosen for the these layers. This soil is a silty sand and has a hydraulic
conductivity of 5.2 x 10 cm/sec. The hydraulic conductivity of the soils in the aquifer at Sites 4 and 5
range between 6.46 x 10 and 2.08 x 10™ cm/sec, as presented in the RI report (ref. 4).

BEDDING SOIL / GAS MANAGEMENT LAYER The gas management layer is assumed to be a poorly
graded sand to provide adequate gas flow. An SP soil, as classified by the USCS, represents a poorly

graded clean sand. This would correspond to HELP default soil #1 with a hydraulic conductivity of
1 x 10? cm/sec.

GRANULAR DRAINAGE MATERIAL The 12 inch thick drainage layer must meet the following
gradation requirements based on the New Jersey Administrative Code:

D, > 0.1 inch (2.54 mm)
Dy > 4 Dy

Because of potential puncture of the geomembrane, the maximum size of the drainage material will be
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limited to 1 inch (25.4 mm). Figure 4 from Ref. 2 shows the hydraulic conductivity (coefficient of
permeability) of drainage material based on gradation. Curve no. 6 most closely matches the drainage
material to be used in the landfill caps. This material has a hydraulic conductivity of 2.08 ft/min (1.0
cm/sec).

The conductivity can also be estimated using the D, of the soil and the following equation proposed by
Hazen (REF. 3).

k = CD102

where k is the hydraulic conductivity in cm/sec, C is a constant with the average value being 1, and D is
in mm. Based on the required gradation the D, is at least 2.5 mm so the Dy, would also be at least 2.5 mm.
This results in a hydraulic conductivity of 6.25 cm/sec.

To be conservative assume that the hydraulic conductivity of the drainage layer is 1 cm/sec.

GEOMEMBRANE The geomembrane is a 40 mil (0.04 inch) LDPE liner. It is assumed that the
membrane has 1 pinhole per acre, good to fair installation with 4 defects per acre, and good placement
quality. Assuming a good placement quality is reasonable since the contractor for this project is known
and is experienced in this type of construction.

CALCULATIONS

The HELP model outputs are attached for the three cases that were evaluated:
1) Site 5 landfill cap

2) Site 4 plateau

3) Site 4 side slope (with subsurface inflow)

CONCLUSIONS

The yearly average infiltration (inches) and the average peak daily head on the geomembrane is
summarized in the following table. The maximum head is assumed to be twice the average head on the
geomembrane. The maximum head on the geomembrane during the 24-hr, 25-yr storm event nearly equals
the drainage layer thickness of 12 inches but is below.

Case Average yearly Average Peak daily | Maximum Daily
percolation through head on the Head on the
El.le) geomembrane geomembrane (in) geomembrane (in)
in
Site 5 0.15 5.97 11.94
Site 4 Plateau 0.07 3.67 7.34
Site 4 Side Slope 0.01 0.49 0.98
REFERENCES
1) Schroeder, P.R., et al., “The Hydrologic Evaluation of Landfill Performance (HELP) Model:
Users guide for Version 3,” EPA/600/R-94/168a, U.S. EPA Risk Reduction Engineering
Laboratory, Cincinnati OH, 1994.
2) Design Manual-Soil Mechanics, Foundations and Earth Structures, NAVFAC DM-7, March 1971.
3) Holtz, R.D., and Kavacs, W.D., An Introduction to Geotechnical Engineering, Prentice -Hall,
Englewood Cliffs NJ, 1981.
4) Brown & Root Environmental, Remedial Investigation Report for NWS Earle, Northern Division,

Naval Engineering Facilities Command, July 1996.
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PRECIPITATION DATA FILE: C:\HELP3\earl2.D4
TEMPERATURE DATA FILE: C:\HELP3\earle.D7
SOLAR RADIATION DATA FILE: C:\HELP3\earle.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\earle.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\EARL51.D10
OUTPUT DATA FILE: C:\HELP3\earl5_24.0UT

J'E o men elzely
TIME: 14:19 DATE: 10/22/1997
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TITLE: NWS EARLE SITE 5
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 7

6.00  INCHES
0.4730 voL/voL
0.2220 voL/voL
0.1040 voL/voL

INITIAL SOIL WATER CONTENT 0.1791 voL/voL

EFFECTIVE SAT. HYD. COND. 0.520000001000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.63

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 7

12.00  INCHES

0.4730 voL/voL

0.2220 voL/voL

0.1040 voL/voL

0.2431 voL/voL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
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EFFECTIVE SAT. HYD. COND. = 0.520000001000E-03 CM/SEC

LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER

MATERIAL TEXTURE NUMBER O

12.00  INCHES

0.3970 voL/vOL

0.0320 voOL/vOoL

0.0130 voL/vOoL

0.0471 voL/voL
1.00000000000 CM/SEC

3.50 PERCENT
400.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

nmowonwnnnu

LAYER &

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36

0.04  INCHES
0.0000 voL/voL
0.0000 vOL/vOL
0.0000 voL/vOL
0.0000 voL/VvOL

0.399999993000E-12 CM/SEC
1.00 HOLES/ACRE
4.00 HOLES/ACRE

3 - GOOD

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 5

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 1

12.00  INCHES

0.4170 voL/voL

0.0450 voL/voL

0.0180 voOL/vOL

0.0555 voL/voL
0.999999978000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 7 WITH A
GOOD STAND OF GRASS, A SURFACE SLOPE OF 3.%
AND A SLOPE LENGTH OF 500. FEET.

SCS RUNOFF CURVE NUMBER = 66.30

FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 8.000 ACRES
EVAPORATIVE ZONE DEPTH = 20.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 4.208 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 9.308 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.898 INCHES



0.000 INCHES
5.223 INCHES
5.223 INCHES
0.00  INCHES/YEAR

INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

EDISON NEW JERSEY

MAXIMUM LEAF AREA INDEX = 3.50
START OF GROWING SEASON (JULIAN DATE) = 109

END OF GROWING SEASON (JULIAN DATE) = 299
AVERAGE ANNUAL WIND SPEED = 10.20 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 64.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 61.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 66.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 68.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEWARK NEW JERSEY

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

3.85 4.30 3.66 3.09 3.59 3.42

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR EDISON NEW JERSEY

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

31.20 32.80 40.60 51.60 61.40 70.20
74.90 73.10 66.70 56.50 45.60 33.90

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR EDISON NEW JERSEY

STATION LATITUDE = 40.50 DEGREES
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

TOTALS 2.93 3.46

G or
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STD. DEVIATIONS 1.32 1.40 2.19 1.87 2.36 1.34
1.81 2.19 1.7 1.10 1.36 1.49
RUNOFF
TOTALS 0.851 1.144 1.129 0.045 0.001 0.000
0.000 0.011 0.006 0.000 0.000 0.128
STD. DEVIATIONS 1.032 0.777 1.573 0.202 0.006 0.002
0.001 0.049 0.025 0.000 0.000 0.330
EVAPOTRANSPIRATION
TOTALS 1.104 1.212 2.584 2.947 3.916 3.294
3.371 3.129 3.167 2.153 1.121 0.882
STD. DEVIATIONS 0.215 0.249 0.325 0.731 1.442 1.413

1.498 1.265 0.687 0.791 0.267 0.161

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.6167 0.6504 2.1101 1.3506 0.7312 0.1700
0.0815 0.3480 0.6813 0.2714 0.6021 1.9840

STD. DEVIATIONS 0.6510 1.1925 1.2064 1.6998 0.8924 0.3412
0.2330 0.6298 1.0471 0.3661 0.8581 1.4143

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 0.0111 0.0092 0.0309 0.0229 0.0127 0.0030
0.0014 0.0056 0.0108 0.0052 0.0096 0.0307

STD. DEVIATIONS 0.0103 0.0165 0.0154 0.0224 0.0141 0.0055
0.0037 0.0090 0.0147 0.0070 0.0123 0.0194

PERCOLATION/LEAKAGE THROUGH LAYER 5

TOTALS 0.0120 0.0123 0.0079 0.0100 0.0155 0.0195
0.0174 0.0133 0.0099 0.0124 0.0096 0.0052

STD. DEVIATIONS 0.0067 0.0053 0.0063 0.0078 0.0082 0.0075
0.0062 0.0054 0.0041 0.0067 0.0053 0.0051

AVERAGES 0.0404 0.0522 0.1428 0.0987 0.0476 0.0114
0.0053 0.0227 0.0463 0.0177 0.0405 0.1293

STD. DEVIATIONS 0.0432 0.1007 0.0828 0.1433 0.0581 0.0230
0.0152 0.0410 0.0716 0.0238 0.0577 0.0923
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

PRECIPITATION 42.00 ( 6.841) 1219709.0 100.00

RUNOFF 3.317  ( 2.4002) 96323.56 7.897



EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 4

AVERAGE HEAD ACROSS TOP
OF LAYER 4

PERCOLATION/LEAKAGE THROUGH
LAYER 5

CHANGE IN WATER STORAGE

28.880

9.59736

0.15314

0.055 (

0.14482

0.062

(

(

(

(

(

3.1331)

3.79797)

0.05150)

0.023)

0.04711)

0.8955)

838684 .62 68.761

278707.469  22.85032

4447.193 0.36461

4205.694 0.34481

1787.72 0.147
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PEAK DAILY VALUES FOR YEARS

PRECIPITATION

RUNOFF

DRAINAGE COLLECTED FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH LAYER 4

AVERAGE HEAD ACROSS LAYER 4

PERCOLATION/LEAKAGE THROUGH LAYER 5

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

1 THROUGH 20
(INCHES) (CU. FT.)
Te00 174240.000
2.280 66219.2031
1.66816 48443.32420
0.023282 676.09619
5.971
0.001656 48.10110
3.89 112911.9370
0.3810
0.0793
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FINAL WATER STORAGE AT END OF YEAR

5

SNOW WATER

3.5170
0.6281
0.0000
0.8324

0.000

20
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i HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE =
bl HELP MODEL VERSION 3.03 (31 DECEMBER 1994) o
bkl DEVELOPED BY ENVIRONMENTAL LABORATORY b
i USAE WATERWAYS EXPERIMENT STATION b
gl FOR USEPA RISK REDUCTION ENGINEERING LABORATORY b
*k *k
woke "k
PRECIPITATION DATA FILE: C:\HELP3\earl2.D4

TEMPERATURE DATA FILE: C:\HELP3\earle.D7

SOLAR RADIATION DATA FILE: C:\HELP3\earle.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\earle.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\earla.D10

OUTPUT DATA FILE: C:\HELP3\erl4a24.0UT t ;
VRN VY, S Y

TIME: 14:31 DATE: 10/22/1997

TITLE: NWS EARLE SITE 4 o

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 7

6.00  INCHES
0.4730 voL/vOL
0.2220 voL/voL
0.1040 voL/voL

INITIAL SOIL WATER CONTENT 0.1791 voL/voL

EFFECTIVE SAT. HYD. COND. 0.520000001000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.63

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 7

12.00  INCHES

0.4730 voL/voL

0.2220 voL/voL

0.1040 voL/voL

0.2431 voL/voL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT




EFFECTIVE SAT. HYD. COND. =

LAYER

0.520000001000E-03 CM/SEC

3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

LAYER

12.00

3.50

140.0

4

INCHES
0.3970 voL/voL
0.0320 voL/voL
0.0130 voL/voL
0.0454 voL/voL
1.00000000000
PERCENT

FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.04

CM/SEC

INCHES
0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/voL
0.399999993000E-12 CM/SEC

FML PINHOLE DENSITY 1.00  HOLES/ACRE
FML INSTALLATION DEFECTS 4.00 HOLES/ACRE
FML PLACEMENT QUALITY 3 - GOOD

LAYER 5

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 1

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

nmuwunnnn

12.00

INCHES
0.4170 voL/voL
0.0450 voL/voL
0.0180 voL/voL
0.0494 voL/voL
0.999999978000E-02 CM/SEC

NOTE:

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 7 WITH A
GOOD STAND OF GRASS, A SURFACE SLOPE OF 3.%

AND A SLOPE LENGTH OF 140. FEET.

SCS RUNOFF CURVE NUMBER = 68.90

FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 2.800 ACRES
EVAPORATIVE ZONE DEPTH = 20.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 4.208 [INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 9.308 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.898 INCHES



0.000 INCHES
5.130 [INCHES
5.130 INCHES
0.00 INCHES/YEAR

INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

nuwnn

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

EDISON NEW JERSEY

MAXIMUM LEAF AREA INDEX = 3.50
START OF GROWING SEASON (JULIAN DATE) = 109
END OF GROWING SEASON (JULIAN DATE) = 299
AVERAGE ANNUAL WIND SPEED = 10.20 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 64.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 61.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 66.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 68.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEWARK NEW JERSEY

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.13 3.05 4.15 3.57 3.59 2.94
3.85 4.30 3.66 3.09 3.59 3.42

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR EDISON NEW JERSEY

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
31.20 32.80 40.60 51.60 61.40 70.20
74.90 73.10 66.70 56.50 45.60 33.90

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR EDISON NEW JERSEY

STATION LATITUDE = 40.50 DEGREES
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

TOTALS 2.93 3.46

J
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STD. DEVIATIONS 1.32 1.40 2.19 1.87 2.36 1.34

RUNOFF
TOTALS 0.851 1.146 1.132 0.056 0.004 0.002
0.001 0.018 0.012 0.000 0.000 0.129
STD. DEVIATIONS 1.032 0.774 1.574 0.249 0.014 0.007
0.005 0.071 0.042 0.000 0.001 0.332
EVAPOTRANSPIRATION
TOTALS 1.104 1.212 2.584 2.947 3.916 3.293
3.372 3.128 3.167 2.153 1.121 0.882
STD. DEVIATIONS 0.215 0.249 0.325 0.731 1.442 1.411

1.499 1.266 0.687 0.791 0.267 0.161

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.6032 0.6647 2.1348 1.3416 0.7371 0.1604
0.0840 0.3542 0.6763 0.2658 0.6288 1.9989

STD. DEVIATIONS 0.6592 1.2002 1.2258 1.6689 0.9012 0.3262
0.2306 0.6538 1.0215 0.3620 0.8771 1.4193

TOTALS 0.0048 0.0043 0.0143 0.0099 0.0055 0.0012
0.0006 0.0025 0.0048 0.0022 0.0045 0.0136

STD. DEVIATIONS 0.0047 0.0077 0.0074 0.0099 0.0063 0.0023
0.0015 0.0042 0.0066 0.0030 0.0057 0.0087

PERCOLATION/LEAKAGE THROUGH LAYER 5

TOTALS 0.0050 0.0051 0.0031 0.0035 0.0056 0.0074
0.0072 0.0060 0.0048 0.0057 0.0046 0.0025

STD. DEVIATIONS 0.0029 0.0024 0.0022 0.0022 0.0033 0.0028
0.0023 0.0023 0.0022 0.0025 0.0021 0.0023

AVERAGES 0.0145 0.0219 0.0580 0.0357 0.0171 0.0038
0.0019 0.0087 0.0173 0.0061 0.0157 0.0462

STD. DEVIATIONS 0.0170 0.0418 0.0367 0.0544 0.0214 0.0077
0.0053 0.0166 0.0279 0.0082 0.0233 0.0333
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

PRECIPITATION 42.00 ( 6.841) 426898.2 100.00

RUNOFF 3.351  ( 2.3966) 34054 .89 7.977
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EVAPOTRANSPIRATION 28.879 ( 3.1318) 293530.78 68.759 o=
LATERAL DRAINAGE COLLECTED 9.64987 ( 3.78612) 98081.234 22.97532
FROM LAYER 3
PERCOLATION/LEAKAGE THROUGH 0.06805 ( 0.02328) 691.650 0.16202
LAYER 4
AVERAGE HEAD ACROSS TOP 0.021 ( 0.009)
OF LAYER 4
PERCOLATION/LEAKAGE THROUGH 0.06046 ( 0.01994) 614.552 0.14396
LAYER 5
CHANGE IN WATER STORAGE 0.061 ( 0.8887) 616.67 0.144
PEAK DAILY VALUES FOR YEARS 1 THROUGH 20
R T T (INCHES)  (cu. FT)
PRECIPITATION --8:65 ------ ;6;;2:666--
RUNOFF 2.280 23176.7129
DRAINAGE COLLECTED FROM LAYER 3 2.59436 26369.09570
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.015704 159.61461 .
AVERAGE HEAD ACROSS LAYER & 3.674
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000503 5.11752
SNOW WATER 3.89 39519.1797
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3725
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0793
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FINAL WATER STORAGE AT END OF YEAR

5

SNOW WATER

0.6049
0.0000
0.7449

0.000

0.2931
0.0504
0.0000

0.0621

20
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.03
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

(31 DECEMBER 1994)
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PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

TIME:

C:\HELP3\earl2.D4
C:\HELP3\earle.D7
C:\HELP3\earle.D13
C:\HELP3\earle.D11
C:\HELP3\earl4b2.D10
C:\HELP3\erl4b24.0UT

14:39  DATE: 10/22/1997
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TITLE: NWS EARLE SITE 4 < o€ SLoPE
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INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE

NOTE:

COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 7

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.63
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

6.00  INCHES

0.4730 voL/voL

0.2220 voL/voL

0.1040 voL/voL

0.1779 voL/voL
0.520000001000E-03 CM/SEC

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 7

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT

12.00  INCHES
0.4730 voL/voL
0.2220 voL/voL
0.1040 voL/voL
0.2428 voL/voL

=]



EFFECTIVE SAT. HYD. COND. =

LAYER

0.520000001000E-03 CM/SEC

3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER O

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

SUBSURFACE INFLOW

LAYER

1.

%

12.00

INCHES

0.3970 voL/vOL
0.0320 voL/voL
0.0130 voL/voL
0.0453 voL/voL

00000000000 CM/SEC
25.00 PERCENT

60.0 FEET

9.60  INCHES/YR

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

nmuwnuwunuweunmn

LAYER

3 -

5

0.04

INCHES

0.0000 voL/VOL
0.0000 voL/voL
0.0000 voL/vOL
0.0000 voL/voL
0.399999993000E-12 CM/SEC

1.00 HOLES/ACRE
4.00 HOLES/ACRE
GOOD

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 1

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

12.00

INCHES

0.4170 voL/vOL
0.0450 voL/voL
0.0180 voL/voL
0.0459 voL/voL
0.999999978000E-02 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE:

SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT

SOIL DATA BASE USING SOIL TEXTURE # 7 WITH A
GOOD STAND OF GRASS, A SURFACE SLOPE OF 25.%

AND A SLOPE LENGTH OF

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE

60.

FEET .

72.40
100.0
2.800
20.0
4.198
9.308

PERCENT
ACRES
INCHES
INCHES
INCHES

———



1.898 INCHES
0.000 INCHES
5.076 INCHES
5.076 INCHES
9.60  INCHES/YEAR

LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

EDISON NEW JERSEY

MAXIMUM LEAF AREA INDEX = 3.50
START OF GROWING SEASON (JULIAN DATE) = 109

END OF GROWING SEASON (JULIAN DATE) = 299
AVERAGE ANNUAL WIND SPEED = 10.20 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 64.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 61.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 66.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 68.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEWARK NEW JERSEY

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

3.85 4.30

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR EDISON NEW JERSEY

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

31.20 32.80 40.60 51.60 61.40 70.20
74.90 73.10 66.70 56.50 45.60 33.90

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR EDISON NEW JERSEY

STATION LATITUDE = 40.50 DEGREES
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

TOTALS 2.93 3.46 4.30 3.24 4.28
. 3 .



STD. DEVIATIONS 1.32
1.81
RUNOFF
TOTALS 0.842
0.004
STD. DEVIATIONS 1.025
0.016
EVAPOTRANSPIRATION
TOTALS 1.155
3.499
STD. DEVIATIONS 0.194
1.504

SUBSURFACE INFLOW INTO LAYER 3

TOTALS 1.3301
0.7724
STD. DEVIATIONS 0.6969
0.2372

PERCOLATION/LEAKAGE THROUGH LAYER
TOTALS 0.0009
0.0006
STD. DEVIATIONS 0.0003
0.0001

PERCOLATION/LEAKAGE THROUGH LAYER
TOTALS 0.0006
0.0008
STD. DEVIATIONS 0.0003
0.0003

AVERAGES 0.0074
0.0043
STD. DEVIATIONS 0.0040
0.0013
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1.141
0.032

0.764
0.108

1.250
3.236

0.261
1.256

0.0000
0.0000

1.3143
1.0493

1.2325
0.6668

0.0004

0.0003

1.136
0.026

1.585
0.075

3.242

0.298
0.673

0.0000
0.0000

3.0374
1.3879

1.2641
1.0316

0.0015
0.0009

0.0005
0.0004

0.0004
0.0006

0.0003
0.0003

0.0177
0.0078

0.0071
0.0056

0.072
0.000

0.322
0.000

2.947
2.237

0.779
0.758

0.0000
0.0000

2.0618
0.9783

1.5763
0.4035

0.0012
0.0007

0.0005
0.0002

0.0005
0.0007

0.0003
0.0003

0.0122
0.0054

0.0094
0.0022

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS

0.011
0.003

0.032
0.010

1.4722
1.3495

0.9429
0.9123

0.0009
0.0008

0.0004
0.0004

0.0006
0.0006

0.0004
0.0003

0.0082
0.0078

0.0052
0.0051

1 THROUGH

0.005
0.131

0.021
0.337

3.422
0.943

1.407
0.125

0.0000
0.0000

0.8274
2.7631

0.3409
1.4297

0.0006
0.0015

0.0002
0.0006

0.0008
0.0004

0.0003
0.0003

0.0047
0.0158

0.0019
0.0081

20
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PRECIPITATION
RUNOFF
EVAPOTRANSPIRATION

SUBSURFACE INFLOW INTO
LAYER 3

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 4

AVERAGE HEAD ACROSS TOP
OF LAYER 4

PERCOLATION/LEAKAGE THROUGH
LAYER 5

CHANGE IN WATER STORAGE

INCHES

0.00000
18.34362 (
0.01093 (
0.009 ¢
0.00751 (‘

0.056 (

2.4013)

3.1993)

3.74254)

0.00146)

0.002)

0.00337)

0.8892)

Cu. FEET

426898.2
34595.01
302848.50

0.000

186444 .594

111.127

76.282

573.06

PERCENT

100.00
8.104
70.942

0.00000

43.67426

0.02603

0.01787

0.134
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PEAK DAILY VALUES FOR YEARS

PRECIPITATION

RUNOFF

DRAINAGE COLLECTED FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH LAYER 4

AVERAGE HEAD ACROSS LAYER 4

PERCOLATION/LEAKAGE THROUGH LAYER 5

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

1 THROUGH 20

(INCHES) (CU. FT.)
e 60984.000
2.287 23245.0020

2.22173 22581.67190
0.000552 5.61136

0.494
0.000038 0.39108
3.89 39519.1797
0.3723
0.0794
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FINAL WATER STORAGE AT END OF YEAR
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3 0.5932 0.0494

4 0.0000 0.0000

5 0.6191 0.0516
SNOW WATER 0.000
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CALCULATION WORKSHEET PAGE 1 OF 22

[COERT NAVY, NWS EARLE JOBNUMBER 7602-0201

[SUBECT INFINITE SLOPE STABILITY

[BASEDON BRAWING NUMBER

BY DCW HECKED B{O&gD q_{ APPROVED BY DATE 10/30/97
OBJECTIVE

The objective of this calculation is to determine the factor of safety against sliding of cap components for
the proposed cap configuration for the Landfills at Sites 4 and 5 at the Naval Weapons Station Earle in
Colts Neck, New Jersey.

APPROACH

The proposed cap configuration at Site 4 includes a steep portion of the cap (4:1 maximum slope) and the
top, plateau portion (3.5-5% slope). The cap configuration of Site 5 will be similar except in the
Trap/Skeet range area where the vegetative layers will be replaced with the asphalt paving structure. No
steep (4:1 slopes) are present at Site 5. The maximum slopes at Site 5 are 3.5t0 5 %. The cap
configuration at Site 4 substitutes a textured geomembrane for the smooth geomembrane on the 4:1 side
slopes. Figure 1 presents the cap configurations.

An infinite slope type analysis was performed to determine the factor of safety (Ref 1, and 6) of cap
components sliding over each other. The equations presented in these references were modified to allow for
the analysis of a variable depth of saturation in the cap components.

INFINITE SLOPE EQUATIONS

A typical free body diagram used for an infinite slope analysis and definition of variables are shown in page
9. The Mohr Coulomb strength envelope is used to evaluate the soil parameters ¢, cohesion, and ¢,
friction angle. The stability analysis involves determination of shear stress along an assumed failure plane
and comparing the stress with the shear strength of the soil and/or strength of component interfaces.

From ref # 6 page 242
ES = Sl

and
©=W sinB cosp

Weight = W = bX_, (v, * h;)

Where n= the number of soil layers

The factor of safety given the shear strength of a material is then (the complete derivation is given on pages 9-
11):

ES = Sb /( W sinf cosf3)
The shear strength of the material or interface is given by:

S=c+Otwng

The factor of safety can then be shown to be (the complete derivation is shown on pages 9-11):

c L W *cos(B)tan(g) 7, * hu * cos’(p)tan(4)

ES = -
- W * cos(f)sin(f) W * cos(f)sin(f) W * cos(f)sin(f)
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Simplifying
FS = c E tan(¢) 7, * Wy * tan(g)
W * cos(fB) * sin(f) tan(f3) W * tan(f)
ASSUMPTIONS

The following section describes the selection of the assumed soil strengths, interface friction angles, and the
level of saturation in the cap configurations.

HEIGHT OF SATURATION IN CAP The height of saturation the cap was calculated in a separate
calculation Ref (14) using the HELP model (Ref 15). The HELP model predicts the average peak daily
head on the cap (average over the area of the cap). Assume that the maximum head is twice the average
head (this assumes a zero head at the highest point in the cap and a uniform gradient in the cap).

Case Average Peak daily head on the Maximum Peak daily head on the
geomembrane (in), ref 14 geomembrane (in)

Site 5 5.97 11.94

Site 4 Plateau 3.67 7.34

Site 4 Side Slope 0.49 0.98

It is assumed that the materials under the geomembrane are unsaturated.

GRANULAR DRAINAGE MATERIAL The 12 inch thick drainage layer must meet the following
gradation requirements based on the New Jersey Administrative Code:

D, > 0.1 inch (2.54 mm)

Because of potential puncture of the geomembrane the maximum size of the drainage material will be

limited to 1 inch (25.4 mm).

The granular drainage material in the cap system is assumed to be a poorly graded gravel based on the
above gradation. A GP soil, as classified by the USCS, represents a poorly graded gravel with typical
shear strength properties of 0 psf for cohesion and 37 degrees for effective stress friction angle (ref 2, see
page 12). A dry unit weight of 120 pcf was judged to be representative for this material (ref 2). The
saturated unit weight was calculated using an assumed void ratio of 0.50. Ref 16 gives a range of void
ratio for sand and gravel to be between 0.85 and 0.14; the average of these numbers is approximately 0.50.
The saturated unit weight was calculated to be 140.8 pcf. The value of 141 pcf was used in the stability
analysis for saturated conditions. The saturated unit weight is calculated with the following equation from

reference 12.

Ysa=Ws/V + (e/(1+€))Yyaier

Where:
Vet = saturated unit weight of soil
W, = dry weight of the soil (pcf)
v = volume of soil (1ft"3)
& = void ratio
Yewer = Unit weight of water (62.4 pcf)
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The material will be assumed to be moist above the saturated area with a moisture content of 12% (Ref 2,
lists the optimum moisture content for this material as 11% and 14%). This equates to a moist unit weight
of 134.4. a unit weight of 135 will be used in the calculations.

SELECT FILL MATERIAL/TOPSOIL The 6 inch layer of topsoil and select fill material are assumed to
be similar to the native surface soils surrounding the Sites 4 and 5. From the boring logs of borings in the
vicinity of Site 2 the surface soil is primarily silty sand (SM), and some poorly graded sands (SP) and
clayey sand (SC). Based on reference 2, typical effective strength parameters for this type of soil (SM) are
a cohesion of 420 psf and a friction angle of 34° . Also from ref. 2, a typical dry unit weight is 120 pcf.
From Ref. 2 the optimum moisture content for this soil is between 16-11 %. Assume that the moisture
content is 12% which results in a moist unit weight of 134.4 pcf. Use 135pcf in the calculations. From
reference 3, a typical void ratio for this type of soil is 0.48. This equates to a saturated unit weight of 140
pcf.

GAS MANAGEMENT LAYER/BEDDING LAYER The gas management /bedding layer in the cap
system is assumed to be a poorly graded sand to provide adequate gas flow. An SP soil, as classified by the
USCS, represents a poorly graded clean sand, sand gravel mix with typical shear strength properties of 0
psf for cohesion and 37 degrees for effective stress friction angle (ref 2, see page 12). A dry unit weight of
110 pcf was judged to be representative for this material (ref 2). From Ref. 2 the optimum moisture content
for this soil is between 21-12 %. Assume that the moisture content is 15% which results in a moist unit
weight of 126.5 pcf. Use 127 pcf in the calculations. The saturated unit weight was calculated using a
typical void ratio for this type of material (0.50, ref. 3, see page 13). The saturated unit weight was calcu-
lated to be 130.8 pcf. The value of 131 pcf was used in the stability analysis.

ASPHALT PAVEMENT A portion of the Site 5 landfill cap will be paved to facilitate the removal of
debris generated from the skeet/trap shooting activities. The strength parameters of the asphalt paving will
be: conservatively assumed to be the same as the granular drainage material with a cohesion of 0 pcf and a
friction angle of 37°. In reality the asphalt will have a high cohesion, and an assumption of no cohesion
will be conservative from a stability standpoint. The unit weight of the compacted asphalt paving is
assumed to have a bulk specific gravity of 2.344 and a maximum specific gravity of 2.438 based on a
typical pavement design in reference 13. This corresponds to an approximate bulk unit weight of 146 pcf
and a maximum unit weight of 152 pcf. A value of 150 pcf was assumed in the analysis.

BASE COURSE/SUBBASE The pavement base course will be an aggregate layer. Assume densities and
strength properties similar to that of the granular drainage layer.

INTERFACE FRICTION ANGLES Interface friction angles were conservatively chosen from literature
values. The normal stress on the cap materials (due to the weight of the soils) will be in the range of 100-
400 psf (roughly corresponding soil depths of 1 to 3 feet). Interface friction angles were chosen with tests
using similar normal stress ranges.

Non-Woven Geotextile / Select Fill Material The Select Fill Material will likely be a SM type soil (silty
and sands respectively). Reference 5, page 15 (trevira tech note) lists interface strength properties for
glacial till and non-woven geotextile as 37° and a cohesion of 32 psf. This same reference lists glacial till
as CL-ML type of soil which are inorganic silty fine sands to sandy clays. The select fill material is
between a sand material and the glacial till soil types. Assume that the interface friction angle for the
non-woven to bedding soil is also between the friction angle for sand and glacial till material. The interface
friction angle for the Select Fill Material would be between 25° (for mica schist sand, ref. 4, page 14) and
37°. Use the smallest friction angle in this range to be conservative, ¢ = 25° .

Non-Woven Geotextile/Granular Drainage Material Assume the non-woven geotextile is needle-punched
type similar to Trevira 01114. From reference 5, page, 15 the friction angle and cohesion for this material

2020 O(awa vand Wihin 2 normal vrcay rangc of 100 (o 230 el arc 17" and O paf Teepeciively.
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Reference 4, table 5.7 (see page 14) gives friction angles between non-woven geotextile and Ottawa sand,
concrete sand, and mica schist sand. Of these three, the lowest friction angle is 25° for mica schist sand.
Assume a friction angle of 25° and neglect any cohesion to be conservative.

Granular Drainage Material/ Cushion Fabric This interface will be assumed to be have the same frictional
charateristics as the non-woven geotextile/granular drainage material interface, since the cushion fabric is a

non-woven geotextile.

Cushion Fabric/ Textured LDPE  Interface friction data for textured LDPE is very limited. It is assumed
that the friction characteristics of textured HDPE and VLDPE would be similar to the LDPE and can be
used in choosing LDPE friction angles. The following table summarizes the friction angles and cohesion
values reported in literature.

C ) Normal Peak or | Backing Type of Materials Ref.
(psf) | (degre | stress Residual (All membranes are
es) Range (psf) | Strength textured)

18 36 - - - Tex HDPE /Trevira 1155 5

116 |28 - - - Friction flex/ NW 11
Polyester Geotextile

133 33 - - - Friction flex/ NW 11
polypropylene geotextile

35 32 432-1296 - NSC Friction Seal /NW 17
geotextile

To be conservative use the lowest peak friction angle and neglect the cohesion. Use ¢ = 28°andc = 0
psf.

Textured LDPE / Gas Management/Bedding Layer The following table summarizes the friction angles
and cohesion values reported in literature.
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C ¢ Normal Peak or | Backing Type of Materials Ref.
(psf) | (degre | stress Residual (All membranes are

es) Range (psf) | Strength textured)

0 2545 | - - - Gundle HDT/ Sand 7
0 40.5 432 - clamped to plywood | Rough HDPE / Sand 8
- 25 e peak o TVLDPE/Ott. Sand (sat.) 9
- 21 - residual | --—-- TVLDPE/Ott. Sand (sat.) 9
-- 39 432-1296 peak -— NSC THDPE/Ottawa Sand | 10
- 37 432-1296 residual | - NSC THDPE/Ottawa Sand | 10
- 26 244-3000 peak — NSC THDPE/Ottawa Sand | 10
- 26 244-3000 residual | -—- NSC THDPE/Ottawa Sand | 10
-—- 29 244-3000 peak - NSC THDPE/Ottawa Sand | 10
- 25 244-3000 residual | ---- NSC THDPE/Ottawa Sand | 10
--- 27 244-3000 peak -—- NSC THDPE/Ottawa Sand | 10
--- 25 244-3000 residual | ---- NSC THDPE/Ottawa Sand | 10
- 30 - - - FrictionFlex/Ottawa sand 11

To be conservative use the lowest peak friction angle and neglect the cohesion. Use ¢ = 25°andc = 0
psf.

Cushion Fabric/ Smooth LDPE  Interface friction data for textured LDPE is very limited. It is assumed
that the friction characteristics of textured HDPE and VLDPE would be similar to the LDPE and can be
used in choosing LDPE friction angles. Reference 4 lists friction angles for two types of non-woven
geotextiles with smooth HDPE liners. To be conservative pick the lowest friction angle which is for non-
woven needle punched geotextiles with a friction angle of 8° .

Smooth LDPE / Gas Management/Bedding Layer Reference 4 lists friction angles for three types of sands
versus a smooth HDPE geomembrane. To be conservative pick the lowest friction angle which is for mica
schist sand, with a friction angle of 17° .

Roadway Stabilization Fabric/ Subbase/Select fill The interfaces between the select cover material (silty
sand) and the subbase (course aggregate) are assumed to be similar to sand. The roadway stabilization
fabric is assumed to be a woven geotextile similar to a monofilament type geotextile. Woven monofilament
geotextiles actually produce larger friction angles than a slit film type as can be seen on the table from
reference 4, page 14. To be conservative, a slit film type of woven geotextile will be assumed for this
calculation. For a mica schist sand to a woven slit film geotextile, the values of ¢ = 23° and c= 0 psf (ref.
4) are assumed.

INFINITE SLOPE ANALYSIS Based on the cap configuration and the assumed soil properties discussed
above, three possible critical interfaces were evaluated in the infinite slope stability analysis. The first

analysis evaluated the interface between the textured LDPE and the Granular Drainage Material for the 4:1
cide clopes. The degree of caturation wac baced on the HREI P model calenlation {anprnyimgtelr 01 fnnT,
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The saturation in the drainage layer will cause the development of pore pressure at this interface which will
have the tendency to lower the factor of safely.

The second analysis evaluated the cushion fabric to smooth geomembrane interface on the flat (5% max)
portions of the vegetated cap. The height of saturation again was based on the HELP model calculations
and was assumed to be approximately 0.6 ft.

The third interface evaluated was the same as the same as the second case except the paved section of the
cap was investigated.

The weight is calculated for the first case as follows:

W= (135*2.4)+(141*0.1) = 338 psf
The factor of safety at the Textured LDPE/Granular Drainage Material interface is calculated by:

0 , _tan(25) 624 01* tan(25)
338 * cos(14.03) * sin(14.03)  tan(1403)  338* tan(14.03)

Ky =

The factor of safety for this interface is 1.83
The factor of safety for the second case (cushion fabric/smooth LDPE interface, vegetated cap) is as follows:

W= (135*1.5)+(141*1.0) = 344 psf

7S = 0 £ tan(8) 62.4 * 1.0 * tan(8)

341 * cos(2.86) * sin(2.86) tan(2.86) T 344% tan(2.86)

The factor of safety for this interface is 2.30

The factor of safety for the third case (cushion fabric/smooth LDPE interface, paved cap) is as follows:

W= (150*%0.167)+(135*1.333)+ (141*1.0) = 346 psf

0 , _tan(8) 624 *10 * tan(g)

FS = .
344 * cos(2.86) * sin(286)  tan(2.86) 346* tan(2.86)

The factor of safety for this interface is 2.30

CONCLUSIONS

Thg gYerflzlg minimum factor of safety for the infinite slope stability of the cap components for both sites 4
and 5 is 1.8.
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TABLE 1
Typical Properties of Compacted Soils
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certainties that arise from sampling fluctua-
tions, and they tend to vary from the true aver-
ages more widely if the number of observations
is small. The plus or minus limits given are
determined mathematically from the number

of observations and from the standard devia-

tion of the data used to determine the average.
These limits imply that the true average, ob-
tained by securing and testing more and more
samples under the same essential conditions,
lies within the plus or minus values 9 chances

T liquid limits than these will have inferio
engineering properties.

(b) Permeability.—The voids in the soil
mass provide passages through which water
may move. Such passages are variable in size
and the paths of flow are tortuous and inter-
connected. If, however, a sufficiently large
number of paths of flow are considered as act-
ing together, an average rate of flow for the
soil mass can be determined under controlled
conditions that will represent a property of the

TABLE 8.—Average properties of soils

Proctor compaction Compressibllity Bhearling strength
Boll classif- Al Permeabllity,
cation group | Maximum Optimum Vold ratlo, e, k,
dry density walter feet per year | @ 20 p.s.l.,, | @ 80 p.s.l., C, Cias tan ¢
In pounds content, percent percent p.s.l. p.s.l.
per cublc loot percent
aw >119 <13.3 *) 27, 0004 <14 ) ‘ ) (°) >0.79
13, 000
ap >110 <12.4 (*) 04, 0004- <o0.8 ) (°) ) >0.74
34, 000

aM >4 <14.8 () >0.3 <12 <3.0 ) *) >0.67

ac >118 <7 () >0.83 <12 <2.4 *) *) >0.60
BW 11048 13.342.8 0.374° *) B B P (*) 8.740.6 (*) 0.794-0.02
8P 110432 12.44£1.0 0. 60+0. 03 >16.0 0.840.3 *) 3.340.9 ) 0.7440.02
8M 11441 14.640. 4 0.48+0.02 7.6+4.8 1.240.1 3.04+0.4 7.440.9 2.9£1.0 0.674:0.02
BM-8C 11941 12.840. 8 0. 41+0. 02 0.84:0.6 1.440.3 2.041.0 7.3+3.1 2.140.8 0. 68-+-0. 07
8C 11641 14.740. 4 0. 48-+-0. 01 0.340.2 1.240.2 2.440.8 10.942.2 1.6+0.9 0. 60+0. 07
ML 10341 19.240.7 0. 034-0. 02 0. 894:0.23 1.640.2 2.640.3 9.7£1.8 1.34+° 0.0624:0.04
ML-CL 10942 16.840.7 0.54+0.03 0.134:0. 07 1.040.2 2.24:0.0 9.24:2.4 3.24° 0.6240.06
CL 10841 17.3+0.3 0. 8684:0. 01 0. 080.03 1.440.2 2.64:0. 4 12.641. 8 1.940.3 0.5440.04

oL () () () ) ) ) (*) ) (*)
MH 8244 36.343.2 1.1840.12 0.1640.10 2.041.2 3.840.8 10.84:4.3 2.941.3 0.47:£0.05
CH M2 25.641.2 0. 804:0. 04 0. 054:0. 05 2.641.3 3.941.8 14.944.9 1.64:0.88 0.3540.00
OH () ) ) ) (*) ) ) *) ()

The + entry Indicates 90 percent confidence limits of the average value.

¢ Denotes insufficlent data, > s greater than, < Is less than.

|
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igning with Geomembraneg

gable 5.7 Friction values and efficiencies (in parentheses) for ¢a) soil-to-geomembrane, (b)
embrane-to-geotextile, and (c) soil-to-geotextile combinations®

® Soil-to-Geomembrane Friction Angles

o -

nts at the corresponding .j
following equation: 3

: Soil Types "
(5.6) % yP ‘
3 Concrete Sand Onawa Sand Micha Schist Sand
. = = = 26°
sing surfacc), Geomembrane (¢ = 30°) (o = 28°) (d )
EPDM-R 24° (0.77) 20° (0.68) 24° (0.91)
surface, and pvC g5 -
;i Rough 27 (0.88) — 25° (0.96)
sing surface. . smooth 25° (0.81) L 21° (0.79)
: . - CSPE-R 25° (0.81) - 21°(0.72) 23° (0.87)
ith soil in both halves ofj HDPE 18" (0.56) ©18° (0.61) 17° (0.63)
esults in another Mohrs —_— T
)b, which results in the ] ®) Geomembrane-to-Geotextile Friction Angles
& Geomembrane
PVC
Geotextile EPDM-R. Rough Smooth CSPE-R HDPE
Noawoven, needle punched 23 23 21° 15° &
Nonwoven, heat bonded 18° 20° 18° 21° 11°
Woven, monofilament 17 11° 10° 9° 6°
Woven, slit film 21° 28° 24° 13° 10°
g . (¢) Soil-to-Geotextile Friction Angles
tlculated in the standa Soil Types
4 Concrete Sand Onawa Sand Mica Schist Sand
(5 8 Geotexale (b = 30°) (b = 28°) (b = 26°)
g Nonwoven, needle punched 30° (1.00) 26° (0.92) 25° (0.96)
(5.9% Noawoven, heat bonded 26° (0.84) - -
p Woven, monofilament 26° (0.84) - —_
ce friction between geod - Woven, slit film S 240 (0.77) 24° (0.84) 23° (0.87)

‘nthetics). Results from
:n in Table 5.7.
membrane were alwayg
oranes being the lowes{) i~ The frictional behavior of geomembranes placed on clay soils is of consid-
mbranes (CSPE-R andy i< erable importance in the composite liners of waste landfills. Current-requirements
3 are for the clay to have a hydraulic conductivity equal to or less than 2 x 107’
ft./min. (1 X 10~7 cm/sec.) and for the geomembrane to be placed directly on the
:xtile underliner and/of clay. While an indication of the shear strength parameters has been investigated
re seen to be great, witl (e.g.. reference 15), the data are so sensitive to the variables listed previously that
ving the lowest frictiof 3 site-specific and material-specific tests should always be performed. In such cases,
seotextile friction valoel literature values should never be used for final design purposes.
‘otextiles under or ovg )
of textured HDPE an{h " 5.1.3.9 Geomembrane Anchorage In certain problem situations a gecomembrane
ese roughened surfacel might be sandwiched between two materials and then tensioned by an external
This is particularly thi force. The termination of a gecomembrane liner within an anchor trench is such a
. the surface pattern 8 situation. To simulate this behavior in a laboratory environment, one can use an
; 8.0-in. (200-mm)-wide geomembrane sandwiched between back-to-back channels.

'Eﬁﬁcienéy values in parentheses are based on the relationship £ = (tan 8)/(tan ¢).
Source: After Martin et al. [14].

ement of geotextile-to

oA
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SPUNBOND Hoechst Celanese Corporation r.o. sox 587 spantanburg, SC 28304

N 4 by DIRECT SHEAR

The coefficient of friction between a geosynthetic and soil
(see Table 1) or between any combination of geosynthetics selected by the user
is determined by placing the geosynthetic and one or more contact surfaces
within a 12" x 12" direct shear box. A constant, normal compressive stress is
applied to the specimen and a tangential (shear) force is applied to the appara-
tus so that one section of the box moves in relation to the other section. The
shear force is recorded as a function of the deflection of the moving section of
the shear box. The test is performed for a minimum of three different, normal
stresses selected by the user (100, 200, and 250 psf were used here) to model
appropriate field conditions. The peak (or residual) shear stresses recorded
are plott=d against the applied, normal compressive stresses used for testing.
The test data generally forms a straight line whose slope is the coefficient of
friction, u, between the two materials where the shearing occurred. The y-

intercept of the plot is the adhesion, a. The equivalent friction angle, §, is
calculated as: § = tan (p).

Related Test: Interlock Friction by Pullout is a related test used primarily
wvith geogrids. Generally, for geotextiles, the direct shear test provides more
conservative (lower) results than the pullout test.

Results of Tests Performed by CGeorgia Institute of Technology

SLIDING SURFACE B S(deg.) a(psf)
Ottowa Sand/TREVIRA®1114 0.51 27 68
Ottowa Sand/Trevira 1155 0.68 34, 21
Glatial Till/Trevira 1114 0.76 37 32
Glatial Till/Trevira 1155 0.75 37 10
Gulf Coast Clay/Trevira 1114 0.96 43 62
Gulf Coast Clay/Trevira 1155 1.26 52 45
MDPE Geonet*/Trevira 1114 0.46 25 .29
HDPE Geonet*/Trevira 1114 0.32 18 39
HDPE Geomembrane/Trevira 1155 ) 0.17 10 . 0
Embossed HDPE Geomembrane/Trevira 1155 0.72 36 18
TREVIRA® 1155/Trevira 1155%% 0.33 18 13
Typar 3401/Typar 3401+ 0.19 11 - - 44
Mirafi 600X/Mirafi 600X** 0.29 16 60

*Avg. of three different cenfining seils. **Clacial Till used as confining seil.

TABLI 1 -- [PROPERTIES of CONTINING SOIL

uscs ——AITERBURC LIMITS _mmmm._. —SHEAR TEST RESULIS
CLASSIFI- v Max. ¥V ept
_Sﬂl_ CATIONS __LL. Lo 2L () {1 10 — _S(deg). _af(kPa)
Ottowa Sand s . . | 1 4 104 0.78 b1 ] (]
Clatial Ti11 cL-1L 15-33 15-20 0-13 138¢ L {} - 0.73 36 n
Gulf Ceast Clay cL 42 28 14 115¢ 16¢¢ - 0.38 20 37 {

! Nodified Precter 1tStandard Preccer

The intormation contained herein is offered tree of charge, and is. 10 our best 0. trve and

. all
mendgatons or -mo.nonn are made omeu OM ol uu I'O m ow eotmoi TM'Q (1] no le.l
(-] -u-un\

U i ululuuulmuumuuummumllmmmluuuunuuuulu Ha2aREt

oatent. patent -ooucnnon- or trademarks. The observance of all legal reg s the P y of the user.
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TARLE 1

(=

C VS SAND INTERFACE FRICTION (EFFICIENCY)

CEOSYNTHETI

3 ]

7 9

MONOFILAMENT
©s8) | ©=n | 036 | 5D
MULTIFILAMENT 0 ns 32 3Ls°
©ss) | 05 | 0se) | (0se)
SLIT FILM 340 30.$° a0 | 30°

(0.75) (037 (0.50) (093)

HDPE - SMOOTH

(0.62) Q.70 (0.78) (081)

HDPE - ROUGH

(0.950) (0.94) (0.95) (0.93)

Notz  Efficieacy (Eff=3/4)
equation 1=C, + &

vﬂnucudntdnpcmha- Fritioa valecs (
Mmmhgc.-oumhm’odﬂﬁk

CSPE 33° 31° 31° 31
(0.73) (058) (093) (0.96)
VLDPE = p < Ls* 2Ls°
(V)] (0£9) (0.£9) 067
PVC I 30° 30° 30°
(0.7 (029) (0.90) (093)
FLEXIBLE GRID
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TABLE 2

Interface Direct Shear Test Results
Measured Peak Strengths

Interface
Test Coefficient | Friction | Adhes
Number Interface Tested of Friction ’ Angle (ps
1 Saturated Ottawa sand/60-mil Poly-Flux 0.47 25° 2
Textured VLDPE Geomembrane

NOTE: ‘" The reported value of adhesion may not be the "srue adhesion® of the interfa
caution should be exercised in using this adhesion value for applications im

normal stresses outside the range of stresses covered by the test.

TABLE 3

Interface Direct Shear Test Results
Measured Residual Strengths

. - Interface
Test Coefficient | Friction | Adhe
Number . Interface Tested of Friction Angle (v
1 Saturated Ottawa sand/60-mil Poly-Flex 0.38 21°
Textured VLDPE Geomembrane
.
NOTE: ‘" The reported value of adhesion may not be the "true adhesion® of the interf

caution should be exercised in using this adhesion value for applications ir
normal stresses outside the range of stresses covered by the test.
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55,109, 16.4
Existeoce of Report
Yes
Georynthetic Mamudacturer
NSC
Test Normal Stresses (g
3,6,9
Bxistence of Repott
. Yes
D-Base Mo
Teeted under dry conditiona.
L Tomod Projoct Reforonce Testing Laboratogy Geosynthetic Manufacturer
LUl RAD GEOSYNTECH NSC
WM Lower Interface Material
OTTAWA SAND NSC TEX EDPE (60) 17.69,203
Test Sooed (ratin) Test Ares in Plan (ipches) Existeoce of Report
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19 ofF 2%
asted under dry Canditions. o
Date Tosted Preject Reftrence Teeting Laboratory Seosmnthetic Menufycturer o~
111852 R&D GBOSYNTECH NSC
Lipoar Interface Material Lower Ixterfaco Material
OTTAWA SAND NSC TEX HDPE (60) 17,69,20.8
Test Speed (n/min) Test Arce {n Plan (inchos) Exdgizace of Report
0.04 6X56 Yes
Reported Peak Angle Reporied Residual Angle
29 23
Tested under dry conditions.
Datke Tested Proiect Raforence Testing Laborstory Geopyathetic Marufacturer
111552 R&D GEOSYNTECH - NSC
Upper Interfaco Materdal Lower Interface Material
OTTAWA SAND NSC TEX HDPE (60) 17,6.9,208
Tcet Speed (in/min) Test Arca in Plaa Gocher) Bxdstence of Report
0.04 o4 Yo
Reported Peak Angle Reported Residual Angle
21 pL
Rax Memo
4ted under dry conditions.
111592 R&D GBOSYNTECH NSC
Uppcr Interface Material Lower Interface Matorial
OTTAWA SAND NSC TEX HDPE (60) 35,70, 100
Test Speed (in/min) Jest Area in Plas (inches) Exisenco of Report
0.04 1212 Yes
Reported Peak Angle Reported Residon! Angls .
27 26
D-Base Memo
Dax Tested Profect Referonce Testing Laboratory Geosynthetic Manufacturer
42393 nm NSC NsSC

I Loweox Interface Materig]
OTTAWA SAND NSC TEX HDPE 60 35,70, 87
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Dxtc
16/93
Top of Interface
BENTOFIX (ELEPHANT)
357,14
Peak Friction Angle
34
Memo for Database
Date Project LD, Testing Laborgtory Geosynthetic Mamuf,
£31/93 SALES GEOSYNTECH NBC
Top of Interface Battom of Interface
BENTOFIX (WOVEN) NSC SMOOTH HDPE (60)
Nommal Strese (in peld Displacernent Rate Gackes/minuts) Existence of Report Test Size o Plan .
15,4,10 _ 0.04 ' Yes 1202
Peak Priction Angle Residual Priction Angle
9 9
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F “ Cti nFler SLT's FrictionFlex® process provided the industry’s first tcxturea Lner. it is tne only gcomembrane texturing
11 o process cver to be granted 2 U.S. Patent. It, in fact, has been awarded two'. In direct contrast to blown-film

Apphmﬂon geomembranes which are textured or made rough by a process which acrually crodes the sides of the sheet, the
FrictionFlex process isadditive. SLT begins with 24-foot wide SLT HyperFlex® or UltraFlex® shect manufacrured

Data to the industry’s most exacting standards. Only after the sheet passes all QC, is texturing added to onc or both sides

L as required by the application. When the engineer utilizes SLT gcomembrancs textured by the FrictionFlex process,
L ' increased facility design capacity, scrvice life and total revenué ‘potential can be obtained. Containment slopes,
vertical expansions and perimeter slopes in closures share the benefits of greater air-space and supcrior cover

/ sability.
\ Most importantly, the advantages of FrictionFlexarcavailable without compromisc ofany performance property

or other issue of secure containment. The patented manufacturing process enables SLT to produce a textured liner
exhibiting similar mecbanicaland chemical properties demanded of SLT s premium grades of smooth gcomembranc
liners, whether HyperFlex, UltraFlex, or other Polyethylene.
Anadded feature of SLT s process is thatan edge, 6-t0-8inches wide, isleft smooth toaid in welding and ficld quality
control. This allows standard installation equipment and procedures to ensurc cxcdient construction.
The following reflects independent data confirming superior FrictionFlexed liner paformance in
contact with soils and synthetics: .
» High coefficient of friction with soils
. High coefficient of friction with synthetics
¥ Premium grade mechanical and chemical properties
. Excellent Strength Elongation

Typical
SLT Textured Liner Materials Smooth HDPE
¢ Average
Coefficient Friction Comparable
of Adhesion Angle Friction
Material Friction (per square fool) (degrees) Angle
Sandy Glacial Till 0.74 27 36 20
Sandy Clay 0.70 65 35 18
Smooth Clay 0.62 39 32 16
Ottawa Sand £ 0.59 21 30 19
Non-woven Polyester
Geotextile 0.54 116 28 M !
Non-woven Poly-
propylene Geotextile 0.65 133 33 12

NOTE: The above data is approximate. SLT rccommends that specific data be developed for all application
designs. Shear box testing of the specific geosynthetic and natural components of the composite is
necessary to establish an appropriate design basis. SLT will be pleased to provide any necessary material
samples for such purposes and invites comparative procedures.

: . *U.S. Patent No. 4,885,201
This data 1s provided for informational purposes only and (s not intended as a warranty 5 072 135
or guarantee. SLT assumes no llabllity {n connection with the use of this data. : '

" For environmental lining solutions...the world comes to SLT.®
orth American Headquarters:  European Headquarters:  Anstralian Headgoarters: Far East Headquarters:  Middle East Headquarter:

4LT North America, Inc SLT Lining SLT Advanced Lining SLT Lining Technology SLT Sandli Arabia
s 11 e Technology GmbH Technology Pty. Lid. (Far East) Pte., Lid. P.0. Box 2779
b ;“5‘07:‘“ Polboraweg 17 24 Regent Crescrnt . 1521Taporela Jeddab 21461
e & i 21107 Hamburg Moorebank New South Wales Siogapore 2678 Kipgdow of Saudi Arabla
B ORI Germaay Australia 2170 Phone 654592466 Pbooe 96626602792
Phooe 49407510060 Phovs 6128212977 Far 654594366 « = 96626601192

Fx  4940752-1988 Fax  61-2821-3611

Lt R SN PSS SRR oz . .
e — et o iy 2P VT N s fmty (e € 190N I T Favemamwenaal Inc

o3 UT



ing"process adds a friction Coating to
' or COEX SEAL, a

FRICTION SEAL
Secondary Method

FRICTION SEAL HD
FRICTION SEALVL
FRICTION SEAL CX*

TEIE T (R

1= Highly Rocommended 2 = Excellent 3 = Good with Proper Design

“CX = COEX 8£AL, 8 couxtruded geomembrane consiating of 3 VLDPE core
layered betwesn HOPE.

. The chart above can assist in selecting the best liner
materlal dependlng on which phydcal properﬂes are
Sy

| Fricion Sea. | FRICTION | spyesion

AGAINST (degrees) (pounds per sq.t)
DRAINAGE SAND

CLAY

NONWOVEN
GEOTEXTILE

Tut was run on a 12° x 12% dlroct she.r box at ttrlln
% rates of 0.04 in/min. on the soll los and 0.20 anmin.
- on the geotextile profile. N
i 3psl, 6psi, and 9psi were usqd.fl
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AUG.28.1937  S:59AM B & R ENVIRONMENTAL NO. 826 P.3712

Earleé44

** PCSTABLSM **

by 'd M
Purdue University \2"\16 \qdl

--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop
or Spencer's Method of Slices

Run Date: 82597

Time of Run: tja

Run By: tja

Input Data Filename: earle4-4.in
Output Filename: earled4d.out

PROBLEM DESCRIPTION general stability phi=20 waste, phi=25 ¢
ap, phi=30 base

BOUNDARY COORDINATES

5 Top Boundaries
11 Total Boundaries

Boundary X-Left Y-Left X=-Right Y-Right Soil Type

No. (£2) (£t) (ft) (ft) Below Bnd
1 .00 100.00 85.00 103.00 3
2 95.00 103.00 140.00 113.00 1
3 140.00 113.00 150.00 113.00 g
4 150.00 113.00 210.00 128.00 1
5 210.00 128.00 350.00 133.00 g
6 95.00 103.00 107.00 103.00 3
7 107.00 103.00 140.00 109.50 2
8 140,00 108.50 150.00 109.50 2
9 150.00 109.50 210.00 124.50 2
10 210.00 124.50 350.00 129.50 2
11 107.00 103.00 350.00 103.00 3

ISOTROPIC SOIL PARAMETERS

Page 1



AUG.28.1987  3:59ANM B & R ENVIRONMENTAL - NO. @26 P.4-12

Earle44

3 Type(s) of Soil

Soil Total Saturated Cohesion Frictien Pore Pressure Piez.
Type Unit Wt. Unit WEt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Param. (psE) No.
1 110.0 115.0 .0 25.0 .00 .0 1
2 110.0 115.0 .0 20.0 .00 .0 1
3 110.0 115.0 .0 30.0 .00 .0 1

1 PIEZOMETRIC SURFACE (S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

piezometric Surface No. 1 Specified by 2 Coordinate Points

Point X-Water Y-Water

No. (ft) (£t)
1 .00 100.00
2 350.00 100.00

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

300 Trial Surfaces Have Been Generated.

30 Surfaces Initiate From Each Of 10 Points Equally Spaced

Along The Ground Surface Between X = 50.00 ft.
and X = 100.00 ft.

Each Surface Terminates Between X = 180.00 ft.
and X 300.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 25.00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.

Page 2
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Slice
No.
54
2
3

AUG.28.1997

Following Are Displayed The
Failure Surfaces Examined.

9:55AM

First.

* * Safety Factors Are Calculated By The Modified Bishop Method *

B & R ENVIRONMENTAL

Earled4

failure Surface Specified By 14 Coordinate Points

NO. @26

Ten Most Critical Of The Trial
They Are Ordered - Most Critical

P.5712

*

Point X-Surf Y=-surf
No. (£L) (£t)
1 100.00 104.11
2 110.00 104.05
3 120.00 104.35
4 129.97 105.02
5 139.92 106.05
6 149.82 107.45
7 159,67 109.21
B8 169.44 111.33
9 179.13 113.81
10 188.72 116.63
11 198.20 1159.81
12 207.56 123.34
13 216.78 127.20
14 219.22 128.332
Circle Center At X = 106.8 ; Y = 376.2 and Radius, 272.2
% k% 1_808 * k%
Individual data on the 18 slices
Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge
Width  Weight Top Bot Norm Tan Hor Ver Load
Ft (m) Lbs (kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs (kg)
10.0 1287.1 ol .0 .0 .0 .0 +0 .0
2.7 768.2 .0 .0 .0 .0 .0 .0 .0
7.3 2799.5 .0 .0 .0 " .0 .0 .0

Page 3
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Failure Surface Specified By 15 Coordinate

9:53AM

5463.8
6937.2
6l.2
6743.7
108.6
62817
6845.4
6930.6
6605.3
5883.1
478l.4
1033.0
143.4
1602.5
132.5

Peint

No.

LoJdJoanbLdeswh P

B & R ENVIRUNMEMTAL

s @ a

0000000000000 OO0

X=-surf
(£2)

100.00
109.98
119,95
129.90
139.82
149.73
159.60
169.44
179.24
183%.00
198.71
208.38
218.00
227.56
232.06

Circle Center At X =

% % %

1.903

73

% %k

Earle4é

0O00O00000O0DO0ODO0ODOO0O

Y-sSurf
(£t)

104.11
104.73
105.55
106.56
107.76
109.16
110.76
112.85
114.53
116.70
112.07
121.63
124.37
127.31
128.79

5 ¥ =

0O0O0O00DO0O0DO0O000D0DO0OO0O0O

612.1

.0 . 0
« D .0
0 .0
.0 .0
0 .0
.0 .0
0 « 0
.0 « 0
« 0 .0
« 0 .0
.0 0
o .0
.0 .0
=0 .0
Mo, .0
Points

and Radius,

Failure Surface Specified By 13 Coordinate Points

Point

No.

X-Surf
(ft)

Y-Surf
(££)

Page 4

NOC. @326
.0
«0
« 0
.0
.0
.0
.0
0
.0
.0
.0
.0
.0
.0
.0
508.7

. P T L . e
0O0O0O0O0O0O0OO0OO0OO0OOO0OOC ™

- e



AUG.28.1997 18:88AM- B & R ENVIRONMENTAL NO. B26 P, 7712

Earle44
% 100,00 104.11
2 109.85 103.08
3 119.94 102.65
4 129,94 102.83
5 139.90 103.61
6 149.81 105.01
7 159.61 107.00
8 169.27 "109.58
9 178.75 112.76
10 188.03 116.50
a1 197.05 120.79
12 205.81 125.63
13 208.23 127.81

Circle Center At X = 122.0 ; ¥ = 266.9 and Radius, 164.3

*kk 2.077 * ek

Failure Surface Specified By 16 Coordinate Points

Point X=-Surf Y-Surf
No. (f£t) (ft)
1 88.89 102.81
2 98.87 102.22
3 108.87 101.9°
4 118.87 102.12
5. 128.86 102.61
é 138.82 103.45
7 148.75 104.64
8 158,63 106.19
] 168.45 108.10
10 178.19 110.35
11 187.85 11295
12 197,40 115.89
13 206.85 1198.17
14 216.17 122.79%
15 225.36 126.73
16 229.51 128.70

Circle Center At X = 110.3 ; Y = 381.3 and Radius, 279.3

" 2.087 kv

Page 5



"

~ HUG.28.1937 18

" dvPM B & R ENVIRCNMENTAL

Earleé4

Failure Surface Specified By 16 Coordinate Points

Point X=surf Y-Surf
No. (£E) (££)

il 100.00 104.11

2 109.94 105.20

3 119.87 106.39

4 129.79 107.67

5 139.689 109.05

6 149.58 110.53

7 159,46 112.1%

8 169.31 113.79

9 179.16 115.56
10 186.98 117.43
13, 198.78 119.40
12 208.57 121.46
13 218.33 123.63
14 228.07 125.88
15 237.7% 128.24
16 241.28 129.12

Circle Center At X = -4.8 ; Y = 1107.6 and Radius,
s %k 2’129 * k%

Failure Surface Specified By 16 Coordinate Points

Point X=-Surf Y-Surf
No. (ft) (£L)
1 66.67 102.11
2 76.65 101.48
3 86.64 101.20
4 96.64 101.26
5 106.64 101.67
6 116.61 102.42
7 126.55 103.51
B8 136.44 104.85
9 146.29 106.72
10 156.06 108.83
11 165.76 111.28
12 175.36 114.06

Page 6
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AUG.28.1997 10:08AM B & R ENVIRONMENTAL NO. @26 P.9712

Earle44
13 184.87 117.16
14 194.26 120.60
15 203.53 124,35
16 211 .87 128.07

circle Center At X = 89.8 ; Y = 381.6 and Radius, 290.4

3 e % 2_166 * & %k

Failure Surface Specified By 17 Coordinate Points

Point X=surf Y-Surf
No. (EE) (EL)
1 77.78 102.46
2 87.73 101.48
3 97.71 100.87
4 107.71 100.61
5 117.71 100.70
6 127.70 10L:15
7 137.67 101.85
8 147.60 103.10
° 157.49 104.860
10 167.31 106.45
11 17707 108.65
12 186.74 111.198
13 196.32 114.07
14 205.79 117.28
15 215.14 120.83
16 224,35 124.71
17 233.25 128.83

Circle Center At X = 110.1 ; Y = 383.4 and Radius, 282.8

o e ok 2-302 v e %

Failure Surface Specified By 12 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

tlAi‘ 2



AUGC.28.193¢ 18:u4gH B & R ENVIRONMONTAL NO.B826 P.18/12

Earle44
X 88.89 102.81
2 98.85 101.95
3 108.85 101.67
4 118.84 101,98
5 128,860 102.87
6 138.70 104.34
7 148.48 106.39
8 158.14 105.00
9 167.62 112, 17
10 176.90 115.89
11 185.85 120.15
12 182.20 123.55

Circle Center At X = 108.6 ; Y = 272.3 and Radius, 170.6

xk 2.318  x*+

Failure Surface Specified By 17 Coordinate Points

Point X=-surf Y-surf
No. (£E) (E£E)
1 77.78 102.46
2 87.68 101.03
3 97.62 100.02
4 107.61 99.43
5 117.61 89.25
6 127.60 99.50
T 137.58 100.16
8 147.52 101.24
S 157.41 102.74
10 167.23 104.64
11 176.95 106.96
12 186.58 109.69
13 196.07 112.81
14 205.43 116.33
15 214.64 120.24
16 223.617 124.53
17 231.72 128.78

Circle Center At X = 116.8 ; ¥ = 337.9 and Radius, 238.7

* k% 2.433 e de o
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AUG.28.1937 18:80AM

Failure Surface Specified By 18 Coordinate Polnts

R & R ENVIRONMENTAL.

Earle44

NO.

826 P.1lr12

Point X=-Surf Y-Surf
No. (£t) (£t)
1 66.67 162:1L
2 76.52 100.37
3 86,43 89.09%
4 96.40 S8.26
5 106.39 97.88
6 116.39 97.9%6
7 126.38 88.50
8 136.33 99,48
9 146.22 100.892
10 156.04 102.81
5 165.77 105.14
12 175.38 107.92
13 184.85 111.313
14 194.16 114.76
15 203.30 118.82
16 212.25% 123.28
17 220.98 128.15
18 221.39 128.41
Circle Center At X = 109.7 ; Y = 317.5 and Radius, 219.6
oe ok k& 2.471 oe e o
A X I S F iy
.00 43.75 87.50 131.25 175.00 21B.75
X .00 #=———————— tm———————— ¥ e ——— o ————— e m—————— +
43.75 +
- ...6
— s 50

Page S



AUG.26.1297 10:0uAM B & R ENYIRONMENTARL NO. 826 P. 12712

Earle4é

4+ |
[ 3)}

A 87.50

(|
O ¢«
S
L

X 131.25

T+ 11
[
.
[N
(=)
V)]

I 175.00

I+ 1 11
w
S
o

- s ssssas s a8 v '7418
- aseaas --n----413-
- ssssvweos lll'!l413
- msseee s 88 = 9**
S 218.75 + e eea PR~ |
- s s s s -92
- asasassasas an s --2
- sasasasa=a . ----55
- nascalasuesc=e 7
262.50 + i s
F 306.25 +

i 380,00 + W* =
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Earle5-1

** PCSTABLSM *

by
Purdue Universi

*

ty

--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date: 82297

Time of Run:

Run By: tja

Input Data Filename: earle5-1.in
Output Filename: earleb5-1.out

J'& MEN

3le l‘q

PROBLEM DESCRIPTION general stability phi=20 waste, phi=25 c
ap, phi=30 base

BOUNDARY COORDINATES

3 Top Boundaries
7 Total Boundaries

Boundary X-Left Y-Left
No. (ft) (ft)
1 .00 100.00
2 100.00 100.00
3 650.00 115.00
4 10000 100.00
5 112.00 100.00
6 650.00 131 .50
7 112.00 100.00

ISOTROPIC SOIL PARAMETERS

3 Type(s) of Soil

Soil Total Saturated Cohesion Friction

Page 1

X-Right
(ft)

100.
650.
700.

112

00
00
00

.00
650.
700.
700.

00
00
00

Y-Right Soil Type

(££) Below Bnd
100.00 3
115.00 i}
115.00 i}
100.00 3
111.50 2
111.50 2
100.00 3

Pore Pressure Piez.



Earle5-1

Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcE) (pct) (psf) (degqg) Param. (psf) No.
A 110.0 11%.0 .0 25.0 00 .0 1
Z 110.0 115.,0 -0 20.0 .00 -0 1
3 110.0 115.0 0 30.0 .00 .0 1

1 PIEZOMETRIC SURFACE (S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 2 Coordinate Points

Point X-Water Y-Water

No. (ft) (ft)
i, .00 100.00
2 700.00 100.00

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

300 Trial Surfaces Have Been Generated.

30 Surfaces Initiate From Each Of 10 Points Equally Spaced
Along The Ground Surface Between X = 50.00 ft.
and X = 100.00 ft.

Each Surface Terminates Between p.4 300.00 ft.
and X = 700.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 25.00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.

Page 2



Earleb5-1

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
FPirst.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 47 Coordinate Points

Point X-Surf Y=8urf
No. (ft) (£L)
1 72.22 100.00
2, 81.53 96.35
3 90.91 92.87
4 100,35 89.57
5 109.84 86.43
6 119.39 83.46
7 128.99 80.67
8 138.64 78.05
9 148.34 75.61
10 158.08 73,34
11 167.86 715 25
12 177.67 69.33
13 187 .52 67.60
14 197.40 66.04
15 207.30 64.66
16 217.23 63.46
17 227.18 62.44
18 237.14 61.59
19 247 .12 60.93
20 257 . Ll 60.45
21 267.11 60.15
22 27 Ll 60.03
23 287.11 60.09
24 297.10 . 60.34
25 307.09 60.76
26 317.08 61.36
27 327 .05 62.15
28 337.00 63 .11
29 346.93 64.25
30 356.85 65.57
31 366.73 67.08
32 376.59 68.76
33 386.42 70.61
34 396.21 72.65
35 405.96 74.86
36 415.67 17:25
37 425.34 79.81

Page 3



Slice
No.

38
38
40
41
42
43
44
45
46
47

434

Circle Center At

widt
Ft (m

O WO

O W WWWWWWLWWYWIDNDW
OO0 O0O0O0OO0OO0OO0OWWWWMOWOMM-IIIOABNOWRE W

h

* % %

« 95
444.
454.
463.
472.
482.
491.
500 .
50%8.
51L.

52
03
49
89
22
48
68
80
13

X

12.802

1
il
1
i

278

* % %

Earleb5-1

82.
85.
B8 .
91.
95.
98 .
02.
06.
10.
13

7

Individual data on the

Weight

Lbs (kg)
1852
5807.
9115,
413.
13251 .
3523
13429,
20500.
23886.
27103.
30144.
33004.
35675,
3B8154.
40433.
42509.
44378.
46035.
47478.
48703.
49708.
504091.
51052.
51388.
514989,
51386.

QU WWOWNOWTUOWWTINN®OUIWYWH o

Water
Force

Top
Lbs (k

cleleleolelolclecloNecleoleoloNololoNololloleolojelNe o ReRe]

g)

Wate

r

Force

Bot
Lbs (

1138,
3361.
5241.

237 .
7490.
1961
7432.
11190,

12878

14458.
15828.
17288.
18538..
19677
20705,
21622.
22428.
23121.
23702,
241571
24527.
24770.
24901.
24520.
24825.
24618.

kg
0
3
5
4
1
8
5
7
.9
2
3
5
4
7
9
8
0
3
3

1
3
9
8
0
3
0

54
45
54
79
21
g8a
57
50
59
21

; Y= 6

50 s

Tie
Force
Norm

) Lbs (kg

Page 4

)
0
0
0
0
0
0
0
0
0
0
0
.0
+ 0
0
0
0
0
0
0
0
0
0
0
0
0
0

13.4 and Radius, 553.4
lices
Tie Earthquake
Force Force Surcharge
Tan Hor Ver Load
Lbs (kg)

Lbs (kg

)
0
0
0
0
0
0
0
0
0
0
0
<0
.0
0
0
0
0
0
0
0
0
0
0
0
0
0

Lbs (kg

)
0
0
0
0
0
0
0
0
0
0
0
<0
+0
0
0
0
0
0
0
0
0
0
0
0
0
0

Lbs (kg

)
0
0
0
0
0
0
0
0
0
0
0
+0
«0
0
0
0
0
0
0
0
0
0
0
0
0
0

DOO0OO0ODO0ODO0DO0OO0OO0OO0ODO0OO0OO0O0O0OO0DO0OODOOOOOO




Earleb5-1

27 10.0 5104898.6 »0 242098.1 +0 «0
28 10.0 50489.1 .0 23865.5 «0 «0
29 10,0 49707.0 0 23320.5 .0 .0
30 9.9 48705.1 .0 22663.4 .0 [0
31 9.9 47486.0 0 21894.3 «0 «0
32 9.9 46052.3 -0 21013.3 .0 -Q
33 9.9 44407.3 +0 20020.9 -0 -0
34 9.8 425585.1 L0 18817.3 +0 /0
35 9.8 40499.6 0 17702.9 Mo, «0
36 9.8 38245.8 «0 16378.2 +0 0
37 9.7 35798.8 .0 14943.5 «0 «0
38 8.7 33163.% .0 13389.2 .0 «0
39 8.6 30347.3 .0 11746.0 .0 «0
40 9.6 27355.6 .0 9984.4 .0 -0
41 9.5 24195.3 +0 B811l4.8 <0 .0
42 9.5 20873.9 «0 ©6138.1 -0 . 0
43 9.4 17398.8 .0 4054.6 .0 «0
44 9.3 13778.2 .0 1865.3 -0 <0
45 2.8 3583.4 0 118.0 .0 +0
46 6.3 6477.5 «0 0 .0 «0
47 9.2 6342.3 +0 .0 <0 .0
48 4.2 1649.9 <10 .0 .0 .0
49 4.9 867 .8 .0 10 -0 « 0
50 1.3 42.6 .0 <0 « 10 « 0

Failure Surface Specified By 57 Coordinate Points

Point X-Surf Y=8urf
No. (ft) (£t)
1 77.78 100.00
2 87.06 96.28
3 96.40 92.70
4 105, 79 89.26
5 115,22 85.95
6 124.71 82.79
7 134.24 79.77
8 143.82 76.89
9 153,44 74.16
10 163.10 11 .57
1 172.79 69.12
12 182.53 66.81
13 192.29 64.66
14 202.08 62.64
15 211.91 60.77
16 221.76 59.05
1.7 231.63 57.48
18 241.53 56.05
19 251,45 54,77
20 261.39 53.64
21 271,34 52.65

Page 5
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Earleb5-1

22 281 .30 51.82
23 291 .28 51.13
24 301.26 50.59
25 311.26 50 .20
26 321.25 49.96
27 331.25 49.86
28 341.25 49.92
29 351.25 50.12
30 361.24 50.47
31 371.23 50.97
32 381.21 51.62
33 391.18 52.42
34 401.13 53.37
35 411 .07 54.46
36 421.00 5570
37 430.90 57.09
38 440.78 58.63
39 450.064 60.31
40 460.47 62.14
41 470.27 64.11
42 480.05 66.23
43 489.79 68.50
44 499.49 70.91
45 509.16 73.47
46 518.79 76.16
47 528.38 79.00
48 537.92 81.99
49 547.42 85,11
50 556.87 88.38
51 566.27 91.78
52 575.62 95.33
53 584.92 99.01
54 594.16 102.83
55 603.35 106.79
56 612.47 110.89
57 619.49 114.17
Circle Center At X = 332.6 ; Y = 722.3 and Radius, 672.4
* % % 12.805 * % %

Failure Surface Specified By 62 Coordinate Points

Point X-8urf Y-Surf
No. (Et) (ft)

Page 6



WoOoOJoU & WN K

6l
70.
79,
89.
98 .
107 -
5 8 o
126.
136.
146.
165 .,
165.
175.
184.
194.
204.
214,
.24
234 .
244.
253.
263.
273.
283,
293,
303,
313
323.
333.
343.
353
363
373
383.
393.
403 ,
413.
423.
433.
- 38
453.
463.
472.
482.
.56
502.
51.2 -

224

443

492

521

i 8
37
67
03
44
89
38
92
50
12
77
46
19
94
13
54
38

12
03
85
89
84
81
78
17
76
76
76
76
75
75
74
73
70
67
62
56
48

26
12
96
77

31
03

< 1.2
Disl..
540.
550,
560.

37
99
56
10

Earle5-1

100.
96.
92.
B9.
85.
82,
79.
76.
73.
Ha .
68.
65.
S
61.
58.
57 «
55,
53
52.
50.
49,
48.
47.
46.
45.
45.
44 .
44,
44.
44,
44 .
44 .
45.
45.
46.
47.
48.
49.
50.
52.

« 67

85 .

57 .

59.

61.

63.

65 .

68.

70.

73

16 .

195

53

Page 7

00
2L
55
03
63
36
22
22
35
61
01
54
20
00
94
01
22
57
05
67
43
32
36
53
84
29
88
61
47
48
62
90
32
88
58
42
39
51
76
15

34
14
07
14
35
70
17
78
53
41
43



Earleb5-1

53 569.59 82 .57
54 579.04 85.85
55 588.44 89.25
56 597 .79 92.79
57 607.10 96.46
58 616.35 100.25
59 625.55 104.18
60 634.69 10823
6l 643.78 112.40
62 649.17 114.98
Circle Center At X = 338.4 ; Y = 764.4 and Radius, 720.0
*ox 12.807  ***

Failure Surface Specified By 29 Coordinate Points

Point X=8urf Y-Surf
No. (£E£) (ft)
1 88.89 100.00
2 98.26 96.50
3 107 .72 83.27
4 117.28 90.33
5 126.92 87.66
6 136.63 85.28
7 146.41 83.19
8 156.24 81.38
9 166.13 79.86
10 176.05 78.63
1.2 186.01 7770
12 195.99 77.06
13 205.98 76.71
14 215,98 76.65
15 225.98 76.89
16 235.96 77.42
b7 245.93 78.24
18 255.87 79.35
49 265.71 80.76
20 275.62 82.46
21 285.42 84.44
22 295.16 86.71
23 304.83 89.27
24 314.42 92.10
25 323.92 95.22
26 333:33 98.62
27 342.63 102.29

Page 8



Earle5-1

28 351.82 106
29 353.28 106
Circle Center At X = 212.9
LR 12.808 sk

.23
« 91

7 X

Failure Surface Specified By 53

Point

WoJoUdsWwWwh

X-Surf
(EL)

77

192

.78
87.
96.

105.

115,

124.

133.

143.

153

162.

172.

182.

.00

201

211.

221 .

231,

241.

251.

261 .

20l

281

290

301.

311.

321 .

331

341.

Badls

361.

371,

380.

390.

400.

00
28
62
02
47
98
54
15
80
49
23

80
64
51
40
<l
25
20
17
15
13
13
1.3
13
i3
12
11
08
04
99
92
83

Y-Surf
(ft)

100

96..
92.
B88.
85,
82.
19
16.
7 3
70,
68.
65.
63.
61.
60.
58 .
56.
55.
54,
534
52.
52.
5.
B1.
51+
5.
51
L o
52 s
53
53.
54.
56.
57 -

.00
12
40
83
42
16
06
13
35
74
28
99
86
90
10
46
99
69
55
57
T
13
65
35
2
24
43
80
33
02
89
92
L1
47

= 417.5 and Radius,

Coordinate Points

Page 9

340.8



35
36
37
38
38
40
41
42
43
44
45
46
47
48
49
50
51
52
53

410.
420.
430.
440.
449,
459.
4609.
478.
488.
498.
507 s

517

554

Circle Center At

74
56
39
18
94
66
34
98
57
11
60

.04
526
535.
545.
20
563,
572
519,

42
74
00

32
38
33

X

Ll 12.809

Earleb5-1

559,
60.
62 .
64.
66.
69.
i

74

T «
80.
B3
86.
90.
93.
97 .
101.
10%5.
109,
113.

314.4

* x %

00
69
55
57
76
10
61
.28
11
10
25
56
03
65
43
36
45
68
07

P Y

Failure Surface Specified By 53

Point X-Surf
No. (L)
il 83.33
2 92.62
3 101.96
4 111.36
5 120,81
6 130.32
7 139.87
8 149.47
9 159.12
10 168.81
11 178.53
12 188.29
13 198.09
14 207.92
15 217.78
16 227.66
17 28757
18 247.49

Y-Surf
(fE)

100

96.
92.
89 .
86.
B2,
79,

71

74.
12
69.
67 «
65
63
62.
60.
59.
27 «

+ 00
28
72
30
04
94
98
«19
55
07
74
58
57
72
04
51
15
94

= 649.4 and Radius,

Coordinate Points

Page 10
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19 257.44 56.90
20 267.40 56.02
21 277 .37 55+ 30
22 287.36 54.74
23 297 .35 54,35
24 307.35 54.12
25 317.35 54.05
26 327.35 54,14
27 337.34 54.40
28 347.33 54.82
29 357.32 55,40
30 367.29 56.14
31 37725 57.05
32 387.19 58.12
33 397.12 58, 35
34 407.02 60.74
35 416.90 62.29
36 426.75 64.00
37 436.57 65.87
38 446.36 67.90
39 456.12 70.09
40 465.84 72.44
41 475.52 74.95
42 485.16 7761
43 494.76 80.43
44 504.30 83.40
45 513.80 86.54
46 523.25 89.82
47 532.64 93.26
48 541.97 96.85
49 551.24 100.59
50 560.46 104.48
51 569.60 108.52
52 578.68 132.71
53 579.45 113.08
Circle Center At X = 316.6 ; Y = 669.0 and Radius, 614.9
*ok ok 12.814 * ok

Failure Surface Specified By 37 Coordinate Points

Point X-Surf Y-Surf
No. o) (EE)
il 83.33 100.00

Page 11
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2 92.75 96.63

3 102.23 93.46

4 111.79 90.50

5 121.40 B87.75

6 131.07 85.20

7 140.79 82.86

8 150.56 80.73

9 160.38 78.81
10 170.23 77.10
11 180,12 75.61
12 190.03 74.33
13 199.98 73.26
14 209.94 72.41
15 219.92 71.77
16 229.91 71.35
17 239.91 71.14
18 249.91 71 .15
19 259.91 7% .37
20 269.90 7181
21 279.88 72.46
22 289.84 73.33
23 299.78 74.41
24 309.70 1571
25 319.58 TT 22
26 329.43 78.94
27 339.24 80.88
28 349.01 83.02
29 358.73 85 37
30 368.39 87.94
31 378.00 90.71
32 387.55 93.68
33 397.03 96.87
34 406.44 100.25
35 415.77 103.84
36 425.03 107 .63
37 428.07 108.95

Circle Center At X = 244.5 ; Y = 535.5 and Radius, 464.4
* % % 12'814 * % %

Failure Surface Specified By 32 Coordinate Points

Point X-Surf Y-Surf
No. (£t) (£t)
1 77.78 100.00

Page 12
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2 B7.16 96.53

3 96.62 935 31

4 10617 90.33

5 115.79 87.60

6 125.48 85 .12

7 135.23 82.90

8 145.03 B0.93

9 154.88 7921
10 164.78 Th:TH
1L 174.70 6. 55
12 184.66 75,61
13 194.64 74.93
14 204.63 4,51
15 214,63 74.34
16 224,63 74.44
17 234.62 74.79
18 244.60 75.41
19 254.56 T6.28
20 264.50 T 42
21 274.40 8. 81
22 284.26 80.45
23 294.08 82.36
24 303.85 84.51
25 313.55 B86.93
26 323,19 89.359
27 332.°76 92..50
28 342.24 95.66
28 351.65 9%. 06
30 360.96 102.71
31 37017 106.60
32 371.97 107.42

Circle Center At X = 215.9 ; Y = 459.0 and Radius, 384.6

* % % 12.818 * % %

Failure Surface Specified By 62 Coordinate Points

Point X-Surf Y=-8urf

No. (ft) (EL)
1 66.67 100.00
2 76.08 96.61
3 85.53 93.35
4 95.02 90.20
5 104.55 87.16
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114.
123
133.
143.
152.
162,
172.
181L.
191,
201,
211 .
221 .
231.
241.
.09
261.
270
280.
290.
300.
310.
320,
330.
340.
350.
360.
370.
380.
380.
400.
.81
420.
430.
440.

251

410

450

499

605

11
72
35
02
72
45
21
29
80
63
49
36
25
16

03
99
95
93
91
90
89
B89
89
89
89
88
88
86
84

77
12
65

¥
460.
470.
480.
490.
.88
509.
518,
529 .
538.
548.
558.
567.
5T7
586.
596.
« 95
615

47
35
21
06

67
44
18
89
58
23
84
43
87
48

38

Earleb5-1

84.
81.
78
76
T3
Tl
69.
67.
65.
63.
S
60.
58 .
«39
56.
55
54 .,
53.
52
52,
51
Bl
50.
50.
50 .
5.
L
51~
52
52
53%
54.
55
56.
58 .
59
61.
62.
64.
66 .
68 .
70.
125
o /S
77 -
80.
B3,
BS.
88.
9L.
95.
98 .

57

75

Page 14

25
46
78
23
80
49
30
23
28
46
76
18
73

19
10
14
30
59
01
54
20
99
90
93
09
38
79
32
98
76
67
70
85
13
53
05
70
47
36
38
52
T

65
28
02
88
86
96
17
B8l




Earleb5-1

58 624.76 101.96
59 634.10 105,53
60 643.40 109.21
61 652.65 113, O
62 657.32 115.00
Circle Center At X = 343.1 ; Y = 853.3 and Radius, 802.4
* * % 12.819 * % %k

Failure Surface Specified By 57 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)
1 72.22 100.00
2 81.67 96.72
3 91.16 93.57
4 100.69 90.54
5 110.26 87.64
6 119.87 84.86
T 129.51 82.21
8 139.18 79.69
9 148.89 T71.29
10 158.63 75.02
11 168.40 72.88
12 178.20 70.87
13 188.02 ©68.98
14 197.86 67.23
15 207.73 65.61
16 217 .62 64.11
L7 227.52 62.75
18 237.45 6l.51
19 247 .39 60.41
20 257 .34 59.43
21 267.30 58.59
22 277.28 57.88
23 287.26 57 .30
24 297 .25 56.85
25 307.25 56.53
26 317.24 56.34
27 327,24 56.29
28 337 .24 56.37
29 347.24 56.57
30 357.24 56.91
31 367.22 57.38
32 377 21 57.98
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33 387.18 58.71
34 397.14 59.58
35 407.09 60.57
36 417.03 61.70
87 426.95 62.95
38 436.85 64.34
39 446.74 65.85
40 456.60 67.50
41 466.44 69.27
42 476.26 71,17
43 486.05 73.21
44 495.82 75 .37
45 505 .55 77.65
46 515.25 80.07
47 524.93 82.61
48 534.56 85.28
49 544.16 88.08
50 553,73 91.00
51 563.25 94.05
52 572.73 97.23
53 582.17 100.52
54 591 .57 103.94
55 600.92 107 .49
56 610.23 111.15
57 617 .45 114,11
Circle Center At X = 326.5 ; Y = 817.5 and Radius, 761.2
* % % 12.827 * % %
g A X I S F T
.00 87.50 175.00 262.50 350.00 437.50
X 00 +—-—-—=—————- tre e to——————— o ———— o ——————— +
= i3
= x @ik
87.50 # v = Sk
— _.31*
o ._.31*
- IRV ¢ 91 1
= o505 3144
- T 1
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262 .

350

437 .

525

612

100,

00

50

00

50

00

50

00
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ww wwdlBa .

« w3174 .
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S a. Vehicle Groups. Where detailed traffic survey and axle load data are not
available, spot counts or estimates can be made to ascertain the general
characteristics and volume of traffic. As an aid to determining a DI, vehicles
should be grouped according to the following categories:

(1) Group 1l: Passenger cars and panel and pickup.trucks.
(2) Group 2: Two-axle trucks.
(3) Group 3: Trucks having three or more axles.

TABLE 5
Vehicular Traffic Design Index i
Approx. ———
DI Traffic Characteristics Daily EAL
[ il Passenger Vehicles and Light Trucks. No trucks in Groups 2 1=5
L or 3. e
2 Medium-Light Traffic, less than 1000 VPD. 10% in Group 6-20 | —
2 and none in Group 3.
3 Medium traffic up to 3000 VPD. Up to 10% Group 2 plus 21-75
e Group 3. 1% Group 3 vehicles.
4 Medium-heavy traffic up to 6000 VPD. Up to 15% Group 2 76-250 |
plus Group 3. 10% Group 3 vehicles. S
o 5 Heavy traffic to 6000 VPD. Maximum 25% Group 2 plus 251=800 | s
Group 3 and 15% Group 3.
o 6 Very heavy traffic exceeding 6000 VPD. Over 25% Group 2 901-3000
or Group 3.
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Subgrade Soil Type

Approx.

Well and poorly graded gravels, well graded sands

Silty and clayey sands

Low plastic clays, inorganic silts, very fine sands
Highly plastic and organic clays, micaceous silts

TAeLe C

CBR

>18
12-18

6-12

1-6

ATMUL. TEHCKLESS oF SreRac .

Type of Surface

Minimum Thickness

(inches) =

Primary Road

Secondary and Tertiary Roads
Parking Area

Driveway

Sidewalk

Surfacing Used by Tracked Vehicles
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Table 903-1 Bituminous Concrete Mixtures
New Jersey Interagency Engineering Committee
Standard Bituminous Concrete Mixture Design Table

Surface Course,

Mix Designation apd Nominal Maximum Size of Aggregate
Base Course;

Mix I-1 I- 1-4 HD 1-4 1-5 - I-S HD A

Size, mm 25.0 37.5 19.0 19.0 9.5 12.5 [

Sieve Grading of total aggregate (coarse plus fine, plus filler if required). e

Size Amounts finer than each laboratory sieve (square opening) weight percent. .

50 mm -- 100 o

37.5 mm 100 90-100

25.0 mm 90-100 80-100 100 " 100 —

19.0 mm 60-80 65-95 (NA)  95-100 98-100 100

12.5 mm -- 50-85 75-95 88-98 100 72-98 =

9.5 mm 15-40  40-75 (NA) 65-85 (N/A) 65-88 80-100 60-82 ot

4.75 mm 0-10. 25-60 35-65 35-65 55-75 40-56

2.36 mm -- 20-45 25-36 25-46 30-56 28-37 SSRTISS N TR

1.18 mm -- -- 15-35 18-40 20-45 19-27 i

600 pm -- -- 10-30 12-30 15-35 13-19 Sm——————

300 pm -- 8-30 8-25 10-25 10-30 8-16 S

150 um -- - -- -- -- 5-10

75 pm -- 4-7.5 4-7.5 4-7.5 4-8 3-6 SR i S

Asphalt Cement, Percent by Weight of Total Mixture 1

2.5-3.1 4-6 4.8-7 5-7 5-7 5-6

Note 1:  Material passing the 75-micrometer sieve may consist of fine particles of the aggregate
mineral filler, or both. Material passing the 425-micrometer sieve shall be nonplastic when test

in accordance with AASHTO T 90.

Note 2:  Maximum aggregate size requirements - the maximum size of coarse aggregate for any givenn — "~ '
on a project shall be no more than one-half of the proposed lift thickness on the Project. (1 |
example: If the proposed lift thickness for an I-2 mix is 50 millimeters, the mix used must Nk

100 percent passing the 25.0-millimeter sieve even though the overall specification allows ¢
100 percent passing the 25.0-millimeter sieve.)
Note 3:  Mix I-1 is not subject to the design requirements specified elsewhere.
Note 4:  (NA) Denotes not applicable for NJDOT Mix. e e
Note 5:  Mix Descriptions: \
1. I-1is a permeable base course which should be used in a minimum lift of 75 millimete y PR SRSy EURE..
2. I-2 is a dense-graded base course which may be used in full depth construction or as
bottom course in an overlay.
3. I-4 HD (heavy duty) is a 19.0-millimeter nominal maximum size surface course 1
intended to be used on heavy traffic roadways.
4. -4 is a 19.0-millimeter nominal maximum size surface course mix for medium to he
traffic roadways.
5. 1-5 is a2 9.5-millimeter nominal maximum size surface course mix for low to medium tro
roadways.
6. 1-5 HD (heavy duty) is a 12.5-millimeter nominal maximum size surface course
intended to be used for thin lifts (less than 37.5 millimeters) on heavy traffic roadway
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Figure 4.1. The Six Climatic Regions in the United States (12)
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Table 4.10. Aggregate Surfaced Road Design Catalog: Recommended Aggregate Base -]
Thickness (in Inches) for the Six U.S. Climatic Regions, Five Relative —
Qualities of Roadbed Soil and Three Levels of Traffic ,
Relative .. . i
Quality of Traffic U.S. Climatic Region e
Roadbed Soil Level I I m v A% VI e
Very good High 8+ 10 15 7 9 15
Medium 6 8 11 5 7 11
Low 4 4 6 4 4 6 —
Good High 11 12 17 10 11 17 -
Medium 8 9 12 7 9 12 =5
Low 4 5 7 4 5 7 ‘
Fair High 13 14 17 12 13 17 ]
Medium 11 11 12 10 10 12 —
Low 6 6 7 5 S Z .
Poor High *% *% *k *x % *% —I
Medium ** ** ** 15 15 o
Low 9 10 9 8 8 9
Vcry poor High *k *k *% *% *k *k 1
Medium * % *% * % *%k *k *k —
Low 11 11 10 8 8 9

*Thickness of aggregate base required (in inches).
**Higher type pavement design recommended.

Sowrte .+ L (1) P I - 86. A R I
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